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(m) Process for preparation of liquid toner for electrostatic Imaging. 

(57) Process for preparation of toner panicles for electrostatic 
imaging comprising (A) dispersing in a vessel at elevated 
temperature thermoplastic resin, nonpolar liquid and option- 
ally a colorant, e.g., pigment, using moving particulate 
media, the temperature being sufficient to plasticine and 
liquify the resin and below the decomposition temperature of 
r sin and/or colorant and below nonpolar liquid boiling 
point: (B) cooling the dispersion while maintaining con- 
tinuous movement of the particulate media during and sub- 
sequent to cooling whereby toner particles are formed hav- 
ing an average by area particle size of less than 10 urn end a 
plurality of fibers: and (C) separating the dispersion having a 
c ncentration of toner particles from the particulate media. 
After step (C) the dispersion can be diluted with additional 
n npolar solvent and/or a charge director can be added. The 
dispersion having a concentration of toner part id s is useful 
for the preparation of copies and proofs of various col rs. 
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TITLE PD-2192 
PROCESS FOR PREPARATION OF LIQUID 
TONER FOR ELECTROSTATIC IMAGING 
DESCRIPTION 
TECHNICAL FTEI.P 
This invention relates to an improved process 
for the preparation of toner particles. More 
particularly this invention relates to a process for 
the preparation of toner particles having a plurality 
of fibers in a liquid medium for electrostatic imaging. 

BACKGROUND ART 
It is known to develop a latent electrostatic 
image with toner particles dispersed in an insulating 
nonpolar liquid. Such dispersed materials are known 
15 as liquid toners or liquid developers. A latent 
electrostatic image may be produced by providing a 
photoconductive layer with a uniform electrostatic 
charge and subsequently discharging the electrostatic 
charge by exposing it to a modulated beam of radiant 
20 energy. Other methods are known for forming latent 
electrostatic images. Foe example. one method is 
providing a carrier with a dielectric surface and ' 
transferring a preformed electrostatic charge to the 
surface. Useful liquid toners comprise 

25 thermoplastic resin and nonpolar liquid. Generally 

suitable colorant is present such as a dye or 
pigment. The colored toner particles are dispersed in 
the nonpolar liquid which generally has a high-volume 
resistivity in excess of 10 9 ohm centimeters, a low 
30 dielectric constant below 3.0 and a high vapor 
pressure. The toner particles are less than 10 urn 
average by area size. After the latent electrostatic 
image has been formed, the image is developed by the 
colored toner particles dispersed in said nonpolar 
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liquid and the image may subsequently be transferr d 
to a carrier sh et. 

Th re ace many m thods of making * liquid 
toners. Improved t ner particles having a plurality 
5 of fibers have been recently developed. These toner 
particles due to the fibers which extend therefrom may 
intertwine or interlink physically in an image 
developed with a developing liquid through which has 
been dispersed the toner particles. This results in 

10 images having superior sharpness, line acuity and a 
high degree of resolution. In addition, the developed 
image may be transferred to a carrier sheet with 
substantially little squash and thicker denser images 
having good sharpness may be built up. 

15 In one method of preparation of the improved 

toner particles having a plurality of fibers are 
prepared by dissolving one or more polymers in a 
nonpolar disper6ant. together with particles of a 
pigment* e.g., carbon black. The solution i6 cooled 

20 slowly, while stirring. whereby precipitation of 
particles occurs. The precipitated particles have 
fibers extending therefrom. Applicant ha 6 found that 
by repeating the above process. as indicated in 
Control 1 below, a large percentage of the resultant 

25 toner particles were larger than the desired less than 
10 uni average by area size. and material was 
observed that was greater than 1 mm in size. As noted 
in Control 2 below, by increasing the ratio of solids 
to nonpolar liquid the toner particles can be 

30 controlled within the desired size range, but it has 
been found that the density of images produced may be 
relatively low and when a transfer is made to a 
carrier sheet. for example. the amount of image 
transferred thereto may be relatively low. 

35 
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In an ther method of preparati n of toner 
particles having a plurality of fibers. the 
plasticizing f the th rmoplastic polymer and pigm nt 
with a nonpolar liquid forms a gel or solid mass which 
5 is shredded into pieces, more nonpolar liquid is 
added, the pieces are wet-ground into particles, and 
grinding i6 continued which is believed to pull the 
particles apart to form fibers extending therefrom. 
While this process is useful in preparing the Improved 
10 toners, it requires long cycle times and excessive 
material handling, i.e., several pieces of equipment 
are U6ed. 

It has been found that the above disadvantages 
can be overcome and toner particles prepared without 

15 the formation of a gel or solid mass by a process that 
does not require excessive handling whereby toner 
particles having an average size (by area) below 10 
ura are dispersed and formed in the same vessel. 
When an image of such dispersed toner particles is 

20 transferred to a carrier sheet a substantial amount of 
the image transfers providing a suitably dense copy or 
reproduction. 

DISCLOSURE OF THE INVENTION 
In accordance with this invention there i6 
25 provided a process for the preparation of toner 
particles for electrostatic imaging comprising 

A. dispersing at an elevated temperature in 
a vessel a thermoplastic resin, a nonpolar liquid 
having a Kaur i-butanol value of less than 30. and 
30 optionally a colorant by means of moving particulate 
media whereby the moving particulate media creates 
shear and/oc impact, while maintaining the temperature 
in the vessel at a temperature sufficient to 
plasticize and liquify the resin and below that at 
35 which the nonpolar liquid b ils and the resin and/or 
colorant decomposes. 
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B. cooling the dispersion to permit 
precipitation of the r sin out of the dispersant. the 
particulate media being maintain d in c ntlnuous 
movement during and subsequent to cooling whereby 

5 toner particles having an average by area particle 
size of less than 10 urn and a plurality of fibers 
are formed, and 

C. separating the dispersion of toner 
particles from the particulate media. 

10 The process of this invention results in 

toner particles adapted for electrophoretic movement 
through a nonpolac liquid formed with a plurality of 
fibers. The term "fibers" as used herein means 
pigmented toner particles formed with fibers. 

IS tendrils, tentacles, threadlets. fibrils. ligaments, 
hairs, bristles, or the like. 

The toner particles are prepared from at 
least one thermoplastic polymer or resin. suitable 
colorants and nonpolar dispersant liquids as described 

20 in more detail below. Additional components can be 
added. e.g., charge director. polyethylene. fine 
particle size oxides 6uch as silica, etc. 

Useful thermoplastic resins or polymers which 
are able to form fibers include: ethylene vinyl 

25 acetate (EVA) copolymers (Elvax© resins. 

E. I. du Pont de Nemours and Company, Wilmington. DE). 
copolymers of ethylene and an a. fi-ethylenically 
unsaturated acid selected from the class consisting of 
acrylic acid and methacrylic acid. copolymers of 

30 ethylene (80 to 99 . 9\ ) /acrylic or methacrylic acid (20 
to Ot)/alkyl {C l to C 5 ) ester of methacrylic or 
acrylic acid (0 to 20%), polyethylene. isotactic 
polypropylene (crystalline), ethylene ethyl acrylate 
series sold under the trademark Bakelite® DPD 6169. 

35 DPDA 6182 Natural and DTDA 9169 Natural by Union 
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Carbide C rp., Stamford. CN; thyl ne vinyl acetate 
resins, e.g., DQDA 6479 Natural and DQDA 6832 Natural 
7 also sold by Union Carbide Corp.; Surlyne i n mer 
re6in by E. I. du Pont de Nemours and Company, 
5 Wilmington, DE, etc. Preferred copolymers are the 
copolymer of ethylene and an a,fi-ethylenically 
unsaturated acid of either acrylic acid or methacrylic 
acid. The synthesis of copolymers of thi6 type are 
described in Rees U-S. Patent 3.264.272, the 
10 disclosure of which is incorporated herein by 
reference. . For the purposes of preparing the 
preferred copolymers. the reaction of the acid 
containing copolymer with the ionizable metal 
compound. as described in the Rees patent. is 
omitted. The ethylene constituent is present in about 
80 to 99. 9\ by weight of the copolymer and the acid 
component in about 20 to 0.1\ by weight of the 
copolymer. The acid numbers of the copolymers range 
from 1 to 120. preferably 54 to 90. Acid No. is 
milligrams potassium hydroxide required to neutralize 
1 gram of polymer. The melt index (g/10 min) of 10 to 
500 is determined by ASTM D 1238 Procedure A. It is 
believed that the preferred copolymers have greater 
thermal stability and higher strength properties due 
to two factors: the presence of an alkyl group on the 
same carbon atom on the polymer chain to which is 
attached a carboxylic acid group as well as hydrogen 
bonding, brought about by inte rmol ecular and 
intramolecular dimer ization. Both factors increase 
30 the chain stiffness and the energy required for 
rotation of the polymer chain. Particularly preferred 
copolymers of thi6 type have an acid number of 66 and 
60 and a melt index of 100 and 500 determined at 
190 °C. respectively . 

35 
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In addition to being therm plastic and being 
able to f rm fib re, th cesins have the following 
character is tics : 

1. Be able to disperse the colorant, e.g., 
5 pigment , 

2. Be Insoluble in the dispersant liquid at 
temperatures below 40°C, so that it will 
not dissolve or solvate in storage, 

3* Be able to solvate at temperatures above 
10 50*C. 

4j Be able to be ground to form particles 
between 0.1 um and S urn. in diameter, 

5. Be able to form a particle (average by 
area) of less than 10 um, e.g., 

15 determined by Horiba CAPA-500 centrifugal 

automatic particle analyzer, manufactured 
by Horiba Instruments, Inc., Irvine, CA 
using a centrifugal rotation of 1,000 
rpm, a particle size range of 0.01 to 10 

20 inn, and a particle size cut of 1.0 aim. 

6. Be able to fuse at temperatures in excess 
of 70°C. 

By solvation in 3. above, the resins forming the toner 
particles will become swollen or gelatinous. This 

2£ indicates the formation of . complexes by the 
combination of the molecules of the resin with the 
molecules of the dispersant liquid. 

Colorants, such as pigments or dyes and 
combinations thereof, are normally present to render 

30 the latent image visible, though this need not be done 
in some applications. The colorant, e.g., a pigment, 
may be present in the amount of up to 60 percent by 
weight based on the weight of the resin. Examples of 
pigments are Monastral© Blue G (C.I. Pigment Blue 15 

35 C.l. No. 74160). Toluidine Red Y (C.I, Pigro nt Red 3). 



6 



7 0224912 

Ouindo Magenta (Pigm nt Red l22 >. i„ do€l 

Brilliant Scatl t (Pigm nt Red 123. c.J. No. 71145). 
Toluidine Red B (C.l. Pigment Ed 3 ). Watchung Red 
B (C.I. Pigment Red 48). Permanent Rubine F6B13-1731 
5 (Pigment Red 184). Ransa© Yellow (Pigment Yellow 
98). Dalamar® Yellow (Pigment Yellow 74. C.I. No. 
11741). Toluidine Yellow G (C.I. Pigment Yellow l), 
Monastral« Blue B (C.I. Pigment Blue 15). 
Monastral« Green B (C.I. Pigment Green 7). Pigment 
10 Scarlet (C.I. Pigment Red 60). Auric Brown (C.I. 
Pigment Bcown 6). Monastral* Green G (Pigment Green 
7). Carbon Black. Cabot Mogul L (black pigment C.I. 
No. 77266) and Stirling NS N 774 (Pigment Black 7. 
C.l. No. 77266). 

15 lf desUed. a f inel y g CO und ferromagnetic 

material may be used as a pigment. other suitable 
materials such as metals including iron. cobalt, 
nickel. various metal oxides including: aluminum 
oxide, ferric oxide, cupric oxide, nickel oxide, zinc 

20 oxide, zirconium oxide, titanium oxide, and magnesium 
oxide; certain ferrites such as zinc, cadmium, barium, 
manganese: chromium dioxide; various of the permalloys 
and other metal alloys or metal compositions 
comprising. e.g.. cobalt-phosphorus. cobalt-nickel. 

25 aluminum. cobalt. copper. iron. lead. magnesium, 
nickel, tin. zinc. gold, silver, antimony, beryllium, 
bismuth. cadmium. calcium. manganese. titanium, 
vanadium, and/or zirconium; refractory metal nitrides, 
e.g.. chromium nitride; metal carbides, e.g.. tungs ten 

30 carbide, silica carbide: and mixtures of any of theTe 
may be used. Fine particle size oxides, e.g.. silica, 
alumina, titania. etc.: preferably in the order of 0.5 
um or less can be dispersed into the liquified 
resin. These oxides can be used alone or / 

35 combination with the colorants. 
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Th nonpolar disp rsant liquids are, 
pc fecably. branched-chain aliphatic hydrocarbons and 
more particularly, Isopar -G. Isopar -H, 

Isopar -K, Isopar -L. and Is par -M. These 
5 hydrocarbon liquids are narrow cuts of isoparaff inic 
hydrocarbon fractions with extremely high levels of 
purity. For example, the boiling range of Isopar*-G 
is between 157°C and 176°C # Isopar»-H between 176°C 
and 191°C. Isopar*-K between 177 # C and 197°C, 

10 lsopar&-L between 188°C and 206°C and IsoparQ-M 
between 207°C and 254°C. Isopar^-L has a 
mid-boiling point of approximately 194°C. IsoparO-M 
has a flash point of B0°C and an auto-ignition 
temperature of 338°C. Stringent manufacturing 

15 specifications, such as sulphur, acids, carboxyl, and 
chlorides are limited to a few part6 per million. 
They are substantially odorless, possessing only a 
very mild paraffinic odor* They have excellent odor 
stability and are all manufactured by the Exxon 

20 Corporation. High-purity normal paraffinic liquids. 
Norpar*12. Norpar©13 and Norpar®15. Exxon 
Corporation, may be used. These hydrocarbon liquids 
have the following flash points and auto-ignition 
temperatures : 

25 Auto-Ignition 
Liquid Flash Point (°C) Temp f°C> 

Norpar«12 69 204 

Norpar«>13 93 210 
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Norpar*>15 118 210 

All of the dispersant liquids have an 

9 

electrical volume resistivity in excess of 10 ohm 
centimeters and a dielectric constant below 3.0. The 
vapor pressures at 25°C are less than 10 Torr. 



8 



022491 2 

9 

iBopar -G has a flash p int. determined by th tag 
cl sed cup method, of 40°C. lsopar -h has a flash 
point of 53°C determined by ASTM D 56. Xsoparfe-L 
and Isoparfe-M have flash points of 61°C. and 80°C. 
respectively, determined by the same method. While 
these are the preferred dispersant liquids. the 
essential characteristics of all suitable dispersant 
liquids are the electrical volume resistivity and the 
dielectric constant. In addition* a feature of the 
dispersant liquids is a low Kauri-butanol value less 
than 30. 'preferably ijn the vicinity of 27 or 28. 
determined by ASTM D 1133. The ratio of thermoplastic 
resin to dispersant nonpolar liquid is such that the 
combination of ingredients becomes fluid at the 
15 working temperature. 

Into a suitable vessel. e.g., attritor. 
heated ball mill. heated vibratory mill such as a 
"swico win wtg. by Sweco Co.. Los Angeles. CA. 
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equipped with particulate media for dispersing and 
grinding are placed the above-described ingredients. 
Generally all are placed in the vessel prior to start 



of the dispersing step although af ter hfr^q^rTTivT the 
*HresTfT~and~t^ nonpola r liquid the colorant 

can be added. The dispersing 6tep is generally 

25 accomplished at elevated temperature. i.e.. the 
temperature of ingredients in the vessel being 
sufficient to plasticize and liquify the resin but 
being below that at which the nonpolar liquid boils 
and the resin and/or colorant decomposes. A preferred 

30 temperature range is 80 to 120°C. Other temperatures 
outside this range may be suitable, however, depending 
on the particular ingredients used. The presence of 
the irregularly moving particulate media in the vessel 
surprisingly is essential to prepare the dispersion f 

35 toner particles. it has b en found that stirring the 
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ingr dients. ev n at a high rate, is not sufficient to 
pr pace disp rsed toner particles f proper size, 
configuration and morphology, particularly as not d in 
Control 1 below. Useful particulate media are 
particulate materials, e.g.. spherical, cylindrical, 
etc. taken from the class consisting of steel, e.g.. 
stainless or carbon: alumina. ceramic. zirconium, 
silica. and sillimanite. When a colorant. e.g.. 
yellow, cyan or magenta. Is present carbon steel Is 
preferred as ' the particulate media. A typical 
diameter range for the particulate media is in the 
range of 0.04 to 0.5 inch (1.0 to -13 mm). 

After dispersing the__jjigj^ijejnt^ the 

vessel with the particulate media for a period of 

about "0 . 5""t^2~ hours "wi th the mixture being fluid, the 
dTsliersion is ^o^ledTe.g.. 0°C to 50»C by circulating 
cold water or a cooling material through an external 
cooling jacket as is known to those skilled in the 
art. to permit precipitation of the resin out of the 
dispersant. It is important that the particulate 
media be maintained in continuous movement, creating 
shear and/oc impact, during and subsequent to cooling, 
whereby toner particles of the desired average (by 
area) particle size. e.g.. less than 10 p, having a 
plurality of fibers are formed. After cooling and 
separating from the particulate media, it is possible 
to reduce the concentration of the toner particles in 
the dispersion. impart an electrostatic charge of 
predetermined polarity to the toner particles, or a 
combination of these variations. 

The concentration of the toner particles in 
the dispersion is reduced by the addition of 
additional nonpolar liquid as described previously 
above. The dilution is conducted to reduce the 
concentration of toner particles to between 0.1 to 3 



10 



0224912 

11 

percent by w ight, preferably 0.5 t 2 weight percent 
with resp ct t th nonpolar liquid. The t ner 
particles resulting have an average (by area) particle 
size of 0.1 to less than 10 urn. e.g., as determined 
5 by a Horiba CAPA-500 centrifugal particle analyzer 
described above or other comparable apparatus. 

One or more charge # directors as known t 
those skilled in the art can be added to impart a 
positive or negative charge as desired. The charge 

10 director may be added at any time during the process. 
If a diliiting nonpolar liquid is also added, the 
charge director can be added prior to, concurrently 
with or subsequent thereto. Generally 1 to 1O0 mg/g 
toner solids of the charge director is required. 

ls Suitable positive charge directors are sodium 
dioctylsulf osuccinate (manufactured by American 
Cyanimid Co.). zirconium octoate and metal soaps such 
as copper oleate, etc. Suitable negative charge 
directors are lecithin, barium petronate, calcium 

20 petronate (Witco Chemical Corp., New York, NY), alkyl 
succinimide (manufactured by Cheveron Chemical Company 
of California), composition trademarked OLOA and sold 
by the Oconite Division of the California Chemical 
Company, etc. The conductivity which has proven 

25 particularly useful is in the range of about S to lOO 
proho/cm. The dispersion having a concentration of 
toner particles is separated from the particulate 
media by means known to those skilled in the art. A 
preferred mode of the invention is described in 

30 Examples 1 and 2. 

INDUSTRIAL APPLICABILITY 
The improved process of this invention results 
in dispersed toner particles having a plurality of 
fibers. By the process defined such toner particles 

35 having a controlled particle size range can be 
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prepat d nor quickly with less material handling and 
quipment than c rtain other m thods of pr paration. 
The tonit is of the liquid type and is particularly 
useful in copying, e.g.. making office copies of black 
5 and white as well as various colors: or color 
proofing, e.g.. a reproduction of an image using the 
standard colors: yellow, cyan and magenta together 
with black as desired. in copying and proofing the 
toner particles are applied to a latent electrostatic 
10 image. The toner particles due to the fibers 
extending therefrom may interdigitate. intertwine, or 
interlink physically in an image developed with a 
developing liquid through which has been dispersed the 
toner particles. The result is an image having 
15 superior sharpness, line acuity, i.e.. edge acuity, 
and a high degree of resolution. The salient feature 
of the developed image is that it has good compressive 
strength, so that it may be transferred from the 
surface on which it is developed to a carrier sheet 
20 without squash. Because of the intertwining of the 
toner particles, a thicker, denser image may be built 
up and good sharpness still obtained. The thickness 
can be controlled by varying the charge potential on 
the photoconductor. by varying the development time. 
25 b y varying the toner-particle concentration. by 
varying the conductivity of the toner particles, by 
varying the charge characteristics of the toner 
particles, by varying the particle size, or by varying 
the surface chemistry of the particles. Any or a 
30 combination of these methods may be used. The image 
is capable of being transferred to a carrier sheet or 
receptive support such as papers of the type described 
in the examples below. flexible films. e.g.. 
polyethylene terephthalate: cardboard, rubber, etc. 

3b 
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Other uses are nvisioned f c the Impr ved 
ton c particles, e.g., the format! n of c pies or 
images using toner particles containing' finely divided 
ferromagnetic materials or metal powders; conductive 
5 lines using toners containing conductive materials, 
resistors, capacitors and other electronic components; 
lithographic printing plates, etc. 

PEACES 

10 The following examples wherein the parts and 

percentages are by weight illustrate but do not limit 
the invention. In the examples lp/mm means line 
pairs/mm. the melt indices were determined by 
ASTM D 1236, Procedure A, and the average particle 

15 sizes by area were determined by a Horiba CAPA-500 
centrifugal particle analyzer as described above. 

EXAMPLE 1 

In a Union Process 1-S Attritor, Union 
Process Company, Akron, Ohio was placed the following 
20 ingredients in the amounts indicated: 

Ingredient Amount (a) 

Copolymer of ethylene (89\) 200.0 
and methacrylic acid (11%) . 
melt index at 190°C is 100. 
Acid No. is 66 



25 



30 



Mogul «>L carbon black 66.0 
C.I. No. 77266, Cabot Corp./ 
Cabon Black Division. Boston. HA 

l60parQ-L, nonpolar liquid 1000.0 
having Kaur i-butanol value of 
27. Exxon Corporation 



The ingredients were heated to 100°C ± 10°C and milled 
at a rotor speed of 230 rpro with 0.1875 inch (4.76 mm) 
diameter stainless steel balls for one hour. The 
35 attrit c was cooled to 42°C ± 5°C with cooling water 
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while the milling was continued and th n 700 g of 
is par -H nonp lar liquid having a Kauri-butanol 
value of 27. Exxon Corporation was add d. Milling was 
continued at a rotor speed of 330 rpm for three hours 
5 whereby a dispersion of toner particles having an 
average particle size (by area) of about 1.6 nm was 
obtained with 95% of the particles being lees than 7 
urn. After removal of the particulate media, the 
dispersion was diluted with additional Isopare-H to 
10 provide 2% solids. To 2 kg of the 2% solids 

dispersion was added 25 g of a 2.5% solution of 
lecithin in lsopar«-H giving the dispersion a 
conductivity of 15 pmho/cm. Image quality was 
determined using a Savin 870 copier at standard mode; 
15 charging corona set at 6.8 kv and transfer corona set 
at 8.0 kv using the indicated carrier sheet as shown 
in Table 1. 

TABLE 1 

Resolution 

20 carrier Sheet Density (lp/mm) — 

Savin 2200 paper 1.4 9.0 

Savin Corp . . 
Binghamton, NY 

Plainwell off-set 2.5 9.0 1 

enamel paper #3 gloss 
25 60 lb test. Plainwell 
Paper Co.. Plainwell. 
Michigan 

* 89% of the image was transferred to the carrier 
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35 



The conductivity of the dispersion was 
increased to 67 pmho/cm by the addition of an 
additional 25 g of the 2.5% lecithin solution. The 
density for the Plainwell off-set enamel paper after 
the conductivity was increas d was 2.4 with a 



14 



0224912 

15 

r solution f 11 lp/mm. 94% of th imag was 
transf cced to the carrier. 

EXAMPLE 2 

5 Example 1 is repeated except that the 

attritor was cooled to 25°CiVC with cold water. The 
milling in the attritor was conducted for six hours 
whereby a dispersion of toner particles having an 
average particle size by area of about 1.5 urn was 
10 obtained. The toner particles obtained were 
equivalent, to those obtained in Example 1. 

EXAMPLE 3 

The procedure described in Example 2 was 
15 followed to produce dispersions of toner particles as 
shown in Table 2. Where image quality is shown it was 
determined by the procedure described in Example 1. 
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TABLE 2 

Pisment /Additive 
CO 



Bonoolar Liquid (O 
IS0PARg)-L 1S0PAR -H 



10 



15 



20 



25 



30 



1. 

2. 



4. 



Copolymer 
Ex, 1 (25) 1 

Copolymer 
Ex. 1 (25)* 

Copolymer 
Ex, 1 (25)* 



345 BASF Magnetic 
Pigment (25) 

Day Ferrox®8600 
(25) F* 3 0 4 . 0.2 vm 

Pf izer MO-2230 
(15) iron oxide 
pigment 



Moguls L Carbon 
Black (27) 



Copdlymer of 
ethylene 
(80%)/ 
methacrylic 
acid (10%)/ 
Butyl ester of 
methacrylic 
acid (10%) 7 
melt index at 
1WC is 10, 
Acid No. is 
60 (200) 4 

Sample 4 
above with 
melt index 
at 190^C of 
35 (200)* 

Polyethylene, Day Ferrox®8600 
density is (15) (see Sample 2 
0.923, melt above) 
index at 190*C 
is 4.5 (25)* 



Mogul® L Carbon 
Black (67) 



Copolymer of 
Ethylene 
(85%) and 
methacrylic 
acid (15%). 
melt index 
at 190*C is 
25 (25) 7 



Pfizer MO-2230 
(15) (see 
Sample 3 above) 



100 
125 

125 
1000 



133 
150 

130 
700 



1000 



700 



125 



140 



125 



140 



35 



16 



0224912 



17 



S 



TAPM? I (eontlnu d> 

PiS-nt/Addltiv Mpnocl,. MT . |f f . 



8. 



10 



Copolymer of 
of Ex. 1 
(200)* 

Copolymer 
of Ex. l 

(200)* 



10. Copolymer 



Du Pont BT-383 D 1000 
cy«n pigaent<26.7)/ 
Cab-O-siieBH-5 
•tlica, Cabot Corp. 
(40) 

Mobey KV-6803 (20) 1000 
Mobay B-6300 (6.7) 
magenta pigments/ 
Cab-O-SiieEH-5 
■ilica, Cabot Corp. 
(40) 



700 



700 



15 



of Ex. 1 
<25> 10 



20 



25 



30 



Heubach YT-858D 125 
yellow 

Pigment/ (3. 3) 
Cab-0-sil» 
EH-5 silica, 

Footnotes: C * b0t COep ' <5> 

* r^«2 Pr ° C f" 01 Attrit °r «•» used; 88 hour 
IS?. y raaulted i„ toner particle^ 
with an average size of 1.8 vs. ««es 

' 2i2 PrOC f" 01 Attrlt °r "»« u-d; 70 hour 
Srind cycle resulted in toner particle 
with an average size of 1.7 urn. partlcA « s 

' ari^S ?rOC f" ° l Attclt « was used; 45 hour 
iwh .« CX ' resulted ^ toner p.rtlc?£ 
with an average size of 2.1 urn. 

Union Process 1-s Attritor was used; 62 

?.rt r icl.s rlft iith Cy . l n e r " Ulted U U ™ 
Wn. Image quality: density of 1.4 for 
Savin 2200 p. per with a resolution of 7 
lp/mm; density of 2.6 for Plainwell utt-mJL 
enamel with a resolution of 9 lp/mm 



88 



Union 
hour 



Process 1-s 



toner 



35 



Attritor was used; 26 
grind cycle resulted 
particles with an average size 
Image quality: density of 1. 4 
2200 paper with a resolution of 8 lo/™- 
density of 2.4 for Plainwell off-'set eSaTi 
with a resolution of 8 lp/mm. 



in 

of 1.0 v. 
for Savin 
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TABLE 2 (c ntinuod) 
p otn tes (continued) 

. Union Process 01 was used; 40 hour grind 
cycle resulted In toner particles with an 
, average size of 2.7 urn. 

D 

Union Process 01 Attrltor was used; 47 hour 
grind cycle resulted In toner particles 
with an average size of 2.8 v»« 

• Union Process 1-S Attrltor was used; 69 
hour grind cycle resulted In toner 
10 particles with an average size of 1.2 

urn., image quality: density of 1.5 for 
Savin 2200 paper with a resolution of 6 
lp/mm; density 1.6 for Plalnwell off-set 
enamel with a resolution of 6 lp/mm. 

Union Process 1-S Attrltor was used; 74 
hour cycle resulted In toner particles with 
15 an average size of 1.4 microns. Image 

quality: density of 1.0 for Savin 2200 
paper with a resolution of 9 lp/mm; density 
of 1.5 for Plainwell off-set enamel with a 
resolution of 9 lp/mm. 

10 Union Process 01 Attrltor was used; 22 hour 
20 cycle resulted in toner particles with an 

average size of 1.6 urn- l"*B e quality; 
density of 1.3 for Savin 200 paper with a 
resolution of 6 lp/mm; density of 1.8 for 
Plainwell off-set enamel with a resolution 
of 9 lp/tnm. 
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CONTROL 1 

In a R sb d ubl plan tacy jacket d mixer 
Mod IN. ldm. Chad s Ross & Son Company. Hauppaug . 
NY (no pacticulat media w re present) was placed the 
5 same ingredients in the same amounts as set out in 
Example 1. The ingredients were heated to 90*C ± lo«c 
and stirred at the maximum rate for two hours. The 
mixture was cooled to 25«c ± 5*c with cold water while 
continuously stirring the ingredients and adding 700 g 
10 of lsopar€>-H. The dispersion of toner particles 
obtained was not satisfactory since 42.8% of the 
material had an average particle size (by area) 
greater than 10 urn and material was observed that 
was greater than 1 mm in size. 
15 CONTROL 2 

in the Ross double planetary mixer described 
in Control l was placed the following ingredients in 
the amounts indicated: 

ingredient Amount ta\ 

20 Copolymer described in Ex. 1 500.0 
Carbon black described in Ex. 1 166.0 
lsopar«-L 250 0 

25 The ingredients were heated to 90-c+10"C and stirred 
at the maximum rate for 30 minutes. 1750 g of 
Isopar*-L was slowly added to the ingredients over a 
two hour period while maintaining the temperature at 
90«C ± 10"C. upon completion of the addition of 

30 Isopar*-L. the mixture was cooled to room 
temperature with continued stirring at the maximum 
rate. The dispersion of toner particles produced had 
an average particle size of 1.5 U m. The dispersion 
of toner particles was diluted and charged as 

35 described in Example 1 and the image quality also was 
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determined as described in Example 1. The density f 
an image on Plainwell off -set enamel paper was 0.6 
with a resolution of 9 lp/mm. Less than 50\ of the 
image was transferred. The toner particles produced 
are not considered to be satisfactory in quality even 
though the average particle size is within the desired 
range. 



10 



15 



20 



EXAMPLE 4 

Using a Union Process 01 Attritor. toner 
particles 'were prepared as described in Example 2 
(milling time: 87 hours) with the following 
ingredients in the amounts indicated: 

Ingredient 



Amount (c) 



Copolymer of ethylene (95)/ 
methacrylic acid (5). melt 
index at 190°C is 50 



Pfizer MO-2230 iron oxide pigment 

Isopar®-L 

lsopar®-H 



25.0 

15.0 
125.0 
130.0 



25 



30 



The dispersion of toner particles. 1.87 urn average 
particle size (by area), was diluted with Isopar«-H 
to a 2\ solids dispersion which was further diluted in 
a 1 to 1 ratio with lsopar®-H containing 10X barium 
petronate. 50\ solution. Witco Chemical Co.. New York. 
NY. An imaged magnetic element comprising a support 
with a CrO z layer was toned with the dispersion and 
0.5% dots and 8.0 u"> lines were resolved. 
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l^Jp pr c ss C c the pteparati n f toner 
Tr electr static imaging comprising 

A. dispersing at an elevated temperature 
5 in a vessel a thermoplastic resin, a nonpolar liquid 

having a Kaur i-butanol value of less than 30. and 
optionally a colorant by means of moving particulate 
media whereby the moving particulate media creates 
shear and/or impact, while maintaining the temperature 
10 in the vessel at a temperature sufficient to 
plasticize* and liquify the resin and below that at 
which the nonpolar liquid boils and the resin and/or 
colorant decomposes. 

B. cooling the dispersion to permit 
15 precipitation of the resin out of the dispersant. the 

particulate media being maintained in continuous 
movement during and subsequent to cooling whereby 
toner particles having an average by area particle 
size of less than 10 um and a plurality of fibers 
20 are formed, and 

C. separating the dispersion of toner 
particles from the particulate media. 

2. A process according to claim 1 wherein 
the particulate media are taken from the class 

25 consisting of stainless steel. ceramic. alumina, 
zirconium, silica, and sillimanite. 

3. A process according to claim 2 wherein 
the particulate media are spherical having an average 
diameter of 0.04 to 0.5 inch. 

30 4. A process according to claim 1 wherein 

the thermoplastic resin is a copolymer of ethylene and 
an a-fl-ethylenically unsaturated acid selected from 
the class consisting of acrylic acid and methacrylic 
acid. 

35 
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5. A pi e (8 according to claim 1 wherein 
the thermoplastic r sin is an ethylene vinyl acetate 
copolymer. 

6. A process according to claim 1 wherein 
the thermoplastic resin is a copolymer of ethylene (80 
to 99.9%)/acrylic or methacrylic acid (20 to 0*)/alkyl 
ester of acrylic or methacrylic acid wherein alkyl is 
1 to 5 carbon atoms (0 to 20t).- 

7. A process according to claim 4 wherein 
the thermoplastic resin is a copolymer of ethylene 
(89%)/methacrylic acid <11\) having a melt index at 

190°C Of 100. 

8. A process according to claim 1 wherein a 
colorant is present comprising carbon black. 

9. A process according to claim 1 wherein a 
colorant is present comprising a colored material. 

10. A process according to claim 1 wherein a 
colorant is present which is a pigment comprising 
finely divided ferromagnetic material. 

11. A process according to claim 1 wherein a 
colorant is present which is a metal powder. — 

12. A process according to claim 1 wherein a 
fine particle size oxide is present. 

13. A process according to claim 12 wherein 

25 the oxide i6 6ilica. 

14. A process according to claim 1 wherein a 
colorant and a fine particle size oxide are present. 

15. A process according to claim 1 ^wttexe-rrra 
combination of colorants is present. 

30 16. a process according to claim 1 wherein 

after step C a charge director is added to the 
dispersion to impart an electrostatic charge of 
predetermined polarity to the toner particles. 

17. A process according to claim 16 wherein 

35 the thermoplastic resin is a copolymer f ethylene 



20 



22 



022491 2 

23 

(89%) and methacrylic acid (11%) havlna a 
at 190-C f 100. 

IB. A pr e ss according t claim 1 wh rein a 
Plurality _f thermoplastic resins are employed in the 
plasticizing step A. 

19. A process according to claim 1 wherein 
subsequent to step c diluting the dispersion with 
additional nonpolar liquid. 

20. A process according to claim 19 wherein 
the thermoplastic resin is a copolymer of ethylene 
(89%) and methacrylic acid (U%) havljQg a . B . lt t 

at 190°C o£ 100. 

21. A process according to claim 19 wherein 
the dilution is conducted to reduce the concentration 
of toner particles to between 0.1 to 3.0 percent by 
weight with respect to the nonpolar liquid. 

22. A process according to claim l wherein 
the toner particles have an average by area particle 
size of less than 5 um. 
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